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peptide formation isanessential process in chemical evolution (e･g･, Rode, 1991)･ It is stillanopen ques-
tion, however, as to what eventinthe early history of the Earth caused polymerization of organic molecules･
submarine hydrothermal vents onthe primitive Earth have been proposed as a likely envirorLment forthe
prebiotic synthesis of organic molecules (Corills et al･, 1979; Edmond et all, 1982; FerriS, 1992; Shock･ 1996;
Russelland Hall, 1997). Several experiments have akeady attempted to simulate submarine hydrothermal en-
vironments (Matsun0, 1997; Imai et a1., 1999; Ogata et a1., 2000)･ However, in principle,those oceanic envi-
ronments　are chemically and　themodynamically inadequate for peptide formation･ i･e･ dehydration
polymerization, as indicated by many studies (Miller and Bada, 1988; Shock, 1992; Qian et all, 1993)･
The grab-boundary spaces of sediments, during diagenesis inthe early history of the Earth, have been pro-
posed as a chemicallyand geologically viable place for prebiotic polymerization Pakazawa et al･, 1993;
Nakazawa, 2006).Amino acids would undergo dehydration because of the elevated temperature and pressure
if the mixture were buried in sediments. Oceanic crust, which includes sediments, is more ideal for dehydra-
tion reactions ofaminO acids because free water is easily consumed by formation of clayand pore spaces are
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essentiallyunder-saturatedwithfree water. Althoughthismight seem geologically reasonable, no experimental
study has verifiedthe influence of pressure on peptide formation. Inside of oceanic crusts areunder highpres-
sure, temperatureand dry conditions. Oceanic crusts also contain various minerals such as silicate, oxide and
sulnde minerals. Some of these minerals have catalytic capabilityto formpeptide or to destroy organic mole-
cules (Lal1aV et a1., 1978; Huber and W盆chterhauser, 1998; Colmet a1., 2004). However, little isknownas
to howthese minerals behave in crustal conditionswithamino acids. Therefore, necessities exist to examine
effects of (I) pressure, i.e., Crustal conditions, (2) water contents, i.e., drymeSs inthe deep crustal conditions,
and (3) catalytic behavior of mineralsunder crystal conditions onthe polymeri2ation of glycine･
In chapter I, I review previous problems of aqueous conditions for prebiotic peptide formation･ This is foll
lowed by summary of some representative studies for prebiotic peptide formation･ A new hypothesis onthe
uchemical evolution inthe Hadeanoceanic crust" is introduced inthe final section of this chapter.
In chapter 2, effects of pressure onthe peptide formation isinvestigated･ Experiments were performed using
dryglycine powderunder various pressures of 5-100 MPa at 150℃ for 1-32 days. The series of experiments
were carried out in a test-tube-type autoclave. Liquid chromatography-mass spectrometry (LC-MS) and high
performance liquid chromatography PPLC) analyses of the products showedthat: (1)glycine in allthe ex-
perimentalruns polymerizedfrom 2-mer to 10-mer; (2)the yields were dependent on pressure from 5 MPa
to 25 MPa and saturated thereaRer;and (3) polymerization progressed for the first 8 days, while the amounts
ofpeptides remained constant for longer-durationruns of up to 32 days･ These results suggestthat pressure
inhibits the decomposition ofamino acids and promotes polymerization inthe absence of a catalyst･
In chapter 3, effects of water contents on the peptide formation is investigated･ Experiments were performed
onmixture of glycine and H,0 at 100 MPaand 150oC for 8 days･ Water concentrations were changedwith
their molarratios of H20/Glycine of 0, 1, 0.1, 10, 50 and 100. 01igoglyclneSfrom 2-mer to 4-mer were
formed in all experiments of the present study. It was found that yields of peptides were clearly correlated
to water contents inthe starting materials. In particular, 6-mer of glycine was not formed whenthe molar ra-
tios of H20/Glycine are 50 and loo, suggestlng environments of highwater contentsare not suitable forthe
peptide formation･
In chapter 4, effects of various minerals onthe peptide formation is investigated･ Experiments were per-
formed at loo MPa and 150oC for 8 days in order to polymerizeglycine inthe presence of minerals.
01igopeptides (up to l1-mcr) Were formed from glycine mixed withZnS, NiSand FeS･ Onthe other hand,
glyclne mixed with FeS2 POlymCrized to 3lmer, and more elongated oligoglycines were not formed･ ZnS, FeS
and NiS are knownto be sensitive to oxidizing agents compared to FeS2. Free oxygen inthe gold tube may
be consumed by ZnS, FeS and NiS ratherthanconsumed byglycine oxidation･ GlycinewithFe304 POlymer-
izes only to 2-mer because Fe304 Preferred melanoidin formations･ GlycinewithNa-montmorillomite polymer-
izes only to 41mer because Na-montmorillomite promoted cyclization of glycine･ These results suggestthat late
diagenesis to early metamorphism inthe prebiotic marine sediments, in wherethe system was extremely re-
duced and sulfides were more available, may be ideal for glycine-peptide formations.
In chapter 5, all experiment data inthe present study were applied to interpretthe chemical evolution on
the HadeanEarth. Then, I proposedthe suitable environments forthe chemical evolution in particular for pep-
tide formation would bethe Hadeanoceanic crusts.
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論文審査の結果の要旨
初期地球環境でのタンパク質生成は,生命起源に関する未解明の大問題である｡大原祥平は,初期海洋
の堆積物深部こそが最初のタンパク質生成に適しているというアイディアのもと各種実験を行い,そのア
イディアが正しいことを実証した｡まず, -タンパク質生成にはアミノ酸を重合しペプチドを作らなければ
ならない｡大原祥平は,生体タンパク質構成アミノ酸の一種であるグリシンに着目した｡グリシンを金カ
プセルに封入し,オートクレーブを用いて20MPa-150Mpaの圧九100-200℃の温度条件に数日間グリシ
ン分子を反応させた.生成物はHPLCやLCMSを用いて分析した.その結果,グリシンが1 1量体まで
重合することを兄いだした｡過去の研究ではアミノ酸を誘導体化するなどしてペプチド生成を行ってきて
いた｡それに対して大原祥平は誘導体化することなく1 1量体までの生成に成功した｡スタート物質がア
ミ･ノ酸単独の場合の重合度としては,世界記録である｡その成果はISI誌に論文として投稿し既に出版さ
れている｡これに加え,ペプチド化を阻害するメラノイジンの生成および環状グリシンの生成が高圧状態
では制御され,よりププチド化が促進されることを世界で初めて示した｡
ペプチド生成反応は脱水反応である｡そこで,水の影響を評価する高温高圧実験も大原祥平は行った｡
その結果,グリシンと水のモル比で1 : 1になる状態まではペプチド化が阻害されないこと,過剰の水存
在下では, 5量体生成までしか起こらないことを示した｡このことはすなわち,海水中でペプチド(タン
パク質)が形成されないことを間接的に示すデータとなった｡
高温高圧状態で鉱物がペプチド化を促進するのか,阻害するのかは未解明の問題であった｡そこで,各
種鉱物とグリシンを混合し大原祥平は実験を行った｡その結果,硫化鉱物はペプチド化を促進すること,
酸化鉱物,粘土鉱物はペプチド化を阻害することを明らかにした｡硫化鉱物が作り出す還元的雰囲気がペ
プチド生成に重要であることを示す成果となったo　これら一連の実験で得られたデータは,アミノ酸のペ
プチド化は初期地球の海洋堆積物深部で起こったとする仮説を支持するデータであった｡
以上の大原祥平の研究成果は,自立して研究活動を行うに必要な高度の研究能力と学識を有すること杏
示している｡したがって,大原祥平提出の博士論文は,博士(理学)の学位論文として合格と認める｡
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